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Li2MSiO4 (M = Mn, Fe, Co, Ni)系列正极材料、Li2.5Cu0.5N 负极材料，和氧化硅相关
体系及其与纳米线氧化物辅助生长机制的联系进行了系统研究。 
第一部分，对于锂离子电池电极材料的计算模拟中，我们首先系统研究了正
硅酸盐 Li2MSiO4 (M = Mn, Fe, Co, Ni)系列正极材料的结构、电子结构以及锂离子
脱嵌性质、平均脱嵌电压平台等；而后，基于前面的分析和预测，我们以 Li2CoSiO4
材料为例，尝试对其进行材料设计，以改进其电子电导和离子扩散性能差的不足，
针对 Li2CoSiO4 材料中钠替位锂后所形成的 Li2-δNaδCoSiO4材料，分析及理解钠替
位对材料中结构和电子结构等方面性质的影响； 后，鉴于三元氮化物 Li3-xMxN (M 




物 SixO 研究表明，液态 SixO 存在结构和动力学异质性。而在 Si:SiO 界面体系的模
拟研究中，我们发现，SiO 层存在组分偏析现象，而界面体系中硅原子的扩散存在
较为明显的各向异性。结合液态富硅氧化物 SixO 和 Si:SiO 界面体系的模拟结果，
我们给出了对硅纳米线氧化辅助生长机制的理解。 
 

































The fields of Energy & Environment and Nanomaterials Science have caused wide 
public concern. As the "Next-Generation" battery, eco-friendly lithium ion battery has 
become the focus in the field of Energy & Environment. On the other hand, in the field 
of Nanomaterials Science, due to the potential applications for nanoscale electronic and 
optoelectronic devices, the properties and growth mechanisms of nanowires have also 
attracted intense interest in recent years. By using the density functional theory (DFT) 
and DFT+U frameworks, and also ab initio molecular dynamics (AIMD) simulation 
methods, we investigate systematically the orthosilicates Li2MSiO4 (M = Mn, Fe, Co, 
Ni) cathode materials & Li2.5Cu0.5N anode material for Li-ion batteries, silicon-oxides 
related systems & the connections between them and oxide-assisted Si nanowires 
growth (OAG) mechanism.  
    In part I, we focus on the computational simulations of electrode materials for 
Li-ion batteries. Firstly, we investigate systematically the structural stabilities, electronic 
structures, Li deintercalation and average deintercalation/intercalation voltages of the 
orthosilicates Li2MSiO4 (M = Mn, Fe, Co, Ni) cathode materials. Then, based on the 
preceding analysis and prediction, we try to do some materials design on Li2CoSiO4 
material as an example. With the aim to improve its electronic conductivity and Li ion 
diffusivity, we study the effects of Na-substitution on the structural properties and 
electronic structures of Li2CoSiO4 material. In addition, in view of the importance of 
ternary lithium transition metal nitrides Li3-xMxN (M = Mn, Fe, Co, Ni, Cu) as anode 
materials for Li-ion batteries, we study the structural properties, electronic structures 
and the lithium extraction process of Li2.5Cu0.5N anode material, comparing to the 
corresponding properties of Li3N, also give some insight into the amorphization 
phenomenon after the first charge.  
    In part II, we turn to the simulation research on silicon-oxides related systems. The 
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molten Si-rich oxides. While based on the simulations on Si:SiO interface systems, the 
composition segregation have been found in the SiO layer. And the diffusion of Si atoms 
in the interface systems shows significant anisotropy. By combining the simulation 
results on both molten Si-rich oxides and Si:SiO interface systems, some understanding 
on the oxide-assisted silicon nanowires growth mechanism is given.  
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    自从 1800 年意大利物理学家 Alessandro Volta 发明世界上第一个电池(时称，






battery)、镍镉电池(Nickel-cadmium battery, Ni-Cd battery)、镍氢电池(Nickel-metal 
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